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FINAL HEPORTt "GELATION OF OIL SPILLS BY AMINE CARBAMATES AS AN ADIIJNCT

TO U.S. NAVY OIL SPILL RECOVERY OPERATIONS"

Contract No. N00014-76-C-03 4 9

Office of Naval Research

Department of the Navy

Contract Period: 15 October 1975 - 14 November 19?6

OBJECTIVES

The objectives of this research project, as stated in the original vroposal

submitted 27 May 1975, were to investigate the feasibility of using

commercially available aliphatic amines in the form of carbmaate salts an

gelling agents for oil slicks at sea or on inland waters to:

1. Restrain the spreading of oil slicks.

2. Improve the visibility of the boundaries of oil slicks

undergoing retrieval operations.

3. Facilitate and enhance the yield of harvesting of oil

slicks, using existing U.S. Navy oil spill removal equipment.

(The process embodied in the proposal and project is the reaction between

high molecular weight aliphatic asines in hydrocarbon or other solvent

to produce gels upon treatment with carbon dioxide, to produce carbamate

salts: e, r-!
R-NH2 + CO2 - R-NH2 -CO 2

amine (cartamate salt)

(With a sufficiently high molecular weight amine (R - C12 or higher) the

resulting carbamate salt has sufficient hydrophobic character to permit

gelation of the solvent, even in the presence of water.)

The specific tasks embodied in the original proposal, as amended by the

specifications in the awarding contract, included the following!

A. Investigation of the rheology of gelled oil slicks.

-4-



Included in the rtheology studies were the followine' consider-

ations:

1. Structure/property rorrelations.

2. Temperature and concentration effects.

3. Optimization of gelling systems.

4. Investigation of use with Navy Piston Film.

The awarding contract spefications further stipulatedt

Laboratory gelling studies should be applied to petroleum

products likely to be involved In Navy spills; especially

NSFO, Navy Distillate and JP-5. A gelling, agent should be

selected which is most ,-ffective on these fuel types.

Hheological measurements should be on pure compounds.

The influence of spill thickness on gellation effective-

ness should be Investigated.

The IntPelay between gellation techniques and other

multi-elemei.'. confinement methods (water streams, piston

film, etc.) should be Investigated.

B. Investigation of toxicity of alternative agents.

(It was established that test tanks of sea water were to be 6et

up with established colonies of a fish species such as Funculus

heteroclitus. On the surface of these tanks oil slicks were to

be gelled and subsequently reaoved. Blood streams of the fish

were to be sampled and compared with control populations.

C. Development of a test plan and receipt of government approval.

Depending on favorable results in Tasks A. and B., a test plan

for a field test in Boston Harbor was to be developed and

submitted to the EPA, Coast Guard, state and municipal water

control authorities.

Di. Investigation of practical methods of application of gellinw.

systems to oil slicks.

m m: I 3 .. .( ... i .. . .... .j .. :: . .-5-



This task was to Include a determination of eqtilun method of

delivery of the amine to an oil slick, evaluating nozzle. pump

and similar systems, and optimum means of dellvery of carbon

dioxide.

E. Building the test system.

F. Testing the system in Boston Harbor.

(Tasks E. and F. depended on the outcome of Tasks D. and C.,

respectively. )

G., H. (These tasks referred to the submission of reports.)

Several additional tasks and objectives developed as spin-off ramifications

during the course of the project. These Included the following:

1. Reduction of volatility by gellation of hydrocarbons.

J. Reduction of flammability by gelation of hydrocarbons.

K. Ultra-violet fluorescence as a means of enhancing visibil ity of

gelled and ungelled oil slicks.

RESULTS.

A. Hheology of gelled oil slicks.

our Initial efforts were directed toward aetermination of an optimum

cold weather gelling agent which would provide sufficient gelling properties

to most oil systems down to 20( F, remaining fluid enough to apply as a

spray onto oil slicks at such temperatures. Initially we concentratea on

mixtures of commewcially available straight chain amines; a satisfactory

agent system for AVGAS 145 (less so for JP-5, Navy Residual Special Fuel

Oil #6, and similar oils) was found to be a mixture of 40 g. dodecylamine,

25 R. tetradecylamine, and 4.5 g. hexadecylamine In solution with 100 g.

methyl alcohol. By far the best system, however, was a mixture of 70%

dehydroabletylamine ("Amine D", as manufactured by Hercules Corp.) anu

either 30% ethyl alcohol or 15% ethyl alcohol and 15% benzyl alcohol. F'or

practical considerations the latter formulation (with benzyl alcohol) was

found to be superior for most situation:. Apparent ly, the a,.,,hl Iunt I,)ri

not only to lower the viscosity (Amine ' I:- a hi.hly v1.cuu:; IJulj ,,vr-r

all operational temperatureas see Appendix C for a dis u:i:.ion of' thf,



properties o Amino D', but also to provirle sufficient nol rIty withtn

the hydrocarbon solution of the carbamate for the ionio H-NH -CL- carbamat#

gelant to set. up in a rzyatal lattice with water, which is also taken up

Into *he rel. In a number of aifferent toats it was ob.ierv-d that gela !on

eomm-n ,,. a+ thp water-oil) interface, . m that the gel ogrows uDwani f'oom

this boundary throughout the oil. As much as half the gel, depenoinp on

1he nature of the hytirocarbon solvent, may be water: ih,6, on carbona'ionl

of a solution of 90 zodecane and 101% nr a solution of 70K Amine D, 1 YT

ethyl alcolhol ani .'ll ben~yl alcohol in a j am thick film on water, a b.1 mm

thick gel occurred. This tendency for a floatijn oil slick to be uoublea

in thickness by aamixture with amine am subsequent carbonation could be

of uistin-t a'vantage in terms of harvestinK very thin oil slicks.

Film th~imciss noes not seem to be a significant factor in extent or rate

of ielation. Various oils in thicknesses of 0.5 mm, 1 ,tm, 2 m, ) mm. Mm,

anQ b mm all underwent gelation at approximately the same rate for a given

oil aLnd with I0K amine/alcohol additive, with JP-5 as the oil. gelation took

place in less than 6 minutes, at all thicknesses. Even sheen appears to be

gelled -- although it is still irridescent, gelled 5heen is very easiiv

moved around ann picked upt it does not approach a solid state, however, as

do reasonably thick (i.e., 0.5 am or preater) layers.

Water temperature is rather important for some hydrocarbons. Thus,

No. 2 Fuel Oil aoes not gel easily, aand gel strength is materially reducedi at

temperatures above 700 F. AVGAS 145 appears to be more easily gellec at

temperatures uD to 80° F, (Below 700 No. 2 Fuel Oil gels verv readily.

In an attempt to obtain quantitative measurements of gel strengths eor

various combinations of different hydrocarbons and different amine gelantt,

we initially intended to measure comparative gel stren ths by comparing rates

of creep or spread of the gelled oil slick. However, all gels were so ririd

that no creep could be observed in any Instance. We were able to construet

a Bloom-type gelometer, using specifications proviaeo by the Atlantic ":elatin

Co. of Woburn, Massachusetts. Measurements were not reproducible, however,

using this apparatus.

A very Promising device which we contrived for this purpose con:ist,. very

himply of' a vertical m#-ttu stick, al the btak e of' which 1:; plac(e, Ih- 'e! it,

t e.tt.l, ana ;0t a hei|,ht of which of .", rm. I:i plar -o, .& :.a tehvrlal .t-- t.Ai

of I." mm ,iiameter. Upon uroppnp thE, tl into tth, w ,I, v.ui,, , l ;,.



per .tration are achieved, depending on the streRgth of the gel, which ciepths

Will serve as an index of the gel strength. Unfortunately, time did not

permit the Investigation of a meaningful enough number of different tvpes of

gels to provico- a basis tor quantiative measurements.

We were able to make qualitative observations which enablA us to indicate

desirable and undesirable features inhcrent in geliling agents ari in the

hydrocarbon solvents.

In investigatina the amine gelants, oil slicks on water surfaces were

not utilized, since some of the aine caraates were so soluble In water

these would not have remained in the hyvrocarbon, but rather woula be aissolved

inlo the water. 'Joaecane was use1 as the hydrocarbon in these studies, with

a 10% solution of the amine-ethyl alcohol-benzyl alcohol (70%-15%-15% by

volume) mixture arnd an anditional 10% of the total volume of hyarocarbon

solution as water added 'o facilitate gelation. Helative to unsubst!"utec

alirhatic amines, aromatic substitutents located one or more carbons away from

the amino group provided increased gel strength. Alicyclic substitutents

(as in cyclohexylamine) are also conducive to gel strength. Polycyclic

structure (as is the case In Amine D and with l-a1inomethy1naphthalere) in the

F'etant is very conaucive to gelation and gel strength. Ulefinic character

(e.g., oleylamine) is weakening, as Is branching near the amino group. Primary

amines are stronger than secondary amines as gelling agents, and tertiary

amines are extremely poor.

Pur! hydrocarbons give greatest gel strengths, with multi-component.

mixtures such as is the case w.+h No. 2 Fuel Oil, JP-5, Navy Residual Fuel

Oil #6, etc. are less effective. Unsaturation in the hydrocarbon is an

especially desirable features aromatic and olefinic hydrocarbons are superior

to saturated hydrocarbons. Chain branching and alicyclic character are

weakening. Higher chain lengths are favored over lower chain lengths. The

stronger gels were formed more quickly than the weaker gels& benzene gels

almost immediately, whereas JP-5 required 6 minutes. (In each case, in

this investigation, a 12% solution of a mixture of 70% Amine u, 15% ethyl

alcohol, and 151 benzy) alcohol was pr,.pared with the hydrocarbon, thIs

Soat tn' it! a 11) mn I hick nlick rivf.- waitt.r. ) ';ht hy,!re)t, rbo)n-, lnriv :, !.',i .J.

wer,i rarik-o qilaI tat I v. ty In orvimr of .e're-4ti nv' '. ' , re' , P#, I ,- r t.

foLlowing omer:



P en enn

1 - &, e Cen e

:)odecare!
He)-ane

C' I hoxane
-' -rimct hylpentane

AVIA5 P45

;; .,icual bpecial ,uel oil #6

(;'xceot or N-x:'v 1I(Iual 3peclal Fuel Oil ft. all the hyarocarbons listed

abov . gav', satzaiatoiry gel strengths in terms of inuicatou ability to be

harvesteo In tp. h.a-bcr or ocean cndltIons, I.e., much mor c  rean-L.V

trn -hp un- joc h,!oc'arbo.n. Navy es~a-ial .ip.cial Fuel oil #6 wai

glled soe >nt, but it was sufficiently highly viscous to begin with,

so .hLT i- wuli pr s-rir-bly b. .ifil. t o impart to 1t any significant

increpLe ir. tenacltv. because of its ver-v high viscosity, it was extremely

cif lfu~l to produ-e a homogeneous so]sttlon of the amine gelant wlthtnisoil;

in,i-r any voncevable harbor or ocearn situation this would not be at all

Th: '.:-j lay between gelation tec.hniques and other multi-element confine-

ieant ete nods was investigated. un a lanoratory scale, t was found, a. we

expecied, .hat the clumps ot gelled oIL could be moved around very easily

using either air or water jets, and by the same techniques directed into

a~iy postlton. Un both laboratory and field test scales (for the latter, see

. Ion L. of this report), the alcolollc solutions of Amine i) were found

totally compatible with Navy Pist,n ui. .'ilma gel f.ormation occurred without

actxarent inhibitlon when Piston Oil V'itm was mixed with the amine prior t

sprayin over o" slitck . -aces: irid "loose" (ungellel) oil mixed wilh

.ulieu oll w4* s cce t u ly herded by anplication of minute amounts of Piston

0 1 Film.

1. Investivation oi loxicity of Amine 0 to marine organisms.

This ,Atudy was Derformed In toto bY workers at Sias .4escarch Ilaboratorles.

Initially, the toxicity stucles were begun using the mixture of doaecyl,

tetradecyl,. i1 hexaiecyXaxineu cited .n section A. of this report.. -his agen"

was abannondm, however, when we aser.alned early In the overl,il nve.-:' la'A,,

that mine . soliti.ons would be the Mo:', promJc.np a,"ni ,,, 1 ,



La that time. &nd all marine organism toxicology studies were performe1

uLninfl Amine o with snouprh ethyl etlcolhol to provide suf'flciently low
vi arni ty. (Thf* iuuporior performance provided by amxture- of' tenzyj

aluohol to the Axijie :i - thy] alcohol e'~xture was ni1 aivrertainedi untilI

well after iho- Amino 1; toxicology sttift had commenced, Therefore, tt.

wani no'. contiiolred fleaaiblo to r#pcommen-e the studies usi ni thf befl?."1

alenho tio iiltive; wioroVor, thp mlipht loxicity that. might be Impai-rte by

tho' hi-n?)l alrohol to thv! mixturm, by ~,se'lf, was felt to be 'ietrlmenal

.o 11i, itito.rp.ro-t-41or o! axtent of tovir'itY of the Aminer o.

h-i filial r',nor provi(d.nd bv the :Aarn Remearch lAboratory uni.' i.,;

inI'iI.. i n thin liiprn, at- Appendix Ii. By Way of brief sumimary ot h

'.o~ ob'w' ntoles, th- followiniv ract s wnre ascertaineos

I. Amn i' bv i t.t:Ofl In~ of' about. ther tiae or perhaos slightly greater

toxIiv th~an No, ? F'uel Ill atlone, with synergisticaflly greatpr

i'houjrh nlot r've-h no) tox1eit 9 v o mixtures of Afine .) and Mu. '

Wile] Lil I elativa to the toxicity of' the oil alone.

".~he, oili ior effects providou in any conceivable operational

wi iib,.i.T e., in wAter depths of more than two feet, woula

Omplitely ellpinate any toxiflity effect, exerted by the aminn.

"'he amine itt extremely Insoluble in water.)

i. lKvan in the cth.i" of' vont ebhllow water operations (iewith a

w4t.or rolumn of' lent. than two feet ), toxic effects nould be

at'cglptably redur'.d if cleAn-up) operations were to ensue In a.

rnasonably ahort time inteirval (i.e., within an hour or two)

aftiyr application of the amino to a floating oil slick.

4. %tibnilally no greiater toxic ity hazard in posed by the use of

Amino 1) tha~n in posed by the existence of the oil slick lt.%eit

Q. l~eveloppent ot a teut plan and recaipt of government approval,

A mastor TA~t Plan (ser Appendix B) was prepared by the JIW Scientific

Corp(,rp.tion fn' tA I lpld tolot In liiton Harbor. Au~ oripginally prepareo, no

fprEvit991ofI war i Il ti I udtif19( or uti' of I hi. ;iIn@e gel I I ng aigent ; th It, wast t (Its

jerrivi&IeeI by ui'-nilmsie l * Mn-iniv t pit, ,evtr liatl I l y of 9. .V(11;111 O if 01)l O' .y JJ~' hi



The changeover from toxicology studies on the dodecyl-/tetranecyl-/hexa-

decylamine system to the Amine ') system posed one element of delay, however.

Moreover, the relatively low toxicity indicated by the manufacturers of

Amine j lea us to assume Initially that there would be insignificant marine

organism toxicity apparent at the onset of the stuaies. The extra effort

ancd time required to demonstrate conclusively that the operalional hazaro

would Indeed be insignificant made it clear by summer that the incorporation

of toxicologpy data sufficient to ensure government approval of use of the

Amine 1) agent woula be infeasible, at least in time to ensure an autumn

lest in Boston Harbor.

AcCoraingly, we requested and received permission to perform the field

test in the .1*' test tank at the new JBF Corporation facilities in Wilmington,

Massachusetts.

1). Investigation of practical methous of application of gelling systems to
oi slicks.

or laboratory scale studies of methods of applicatiun of the gelant to

oil slicks, an eight-foot diameter plastic swimming pool was set up. A 40 cm.

boom was floated in the pool, inside of which hoop was placed the oil to

be gelled. (See Figure 1, page 12.)

our first effort involved the use of a simple garden sprinkling can,

from which we applied as uniformly as possible the requisite amount of Amine V

solution to the oil to afford (usually) a 10% solution of the Amine 1) mixture

with ethyl and benzyl alcohols (70% Amino D, 15% each for the alcohols) In the

oil. (Thus, a 7% aine solution would be afforded.) The success in attaining

a good uniform gel by this technique Is shown in Figure (page 13).

ncourared by these results, we then turned to a raint spray gun as a

prototype spraying device for applying the amine. In the reservoir of the

sprayer was nlaced the requisite volume of Amine 1) solution. CO2 gas was

then released through the spraying apparatus, in either of two modes,

(a) As a propelling gas, forcing the amine contents through the spraying

nozzle by being led into the reservoir itself . This was the most

efficient method, in terms of pressure requirea and spray rjroplet

saze. However, the carbama'.%on of the amine in the reservoir

proceenwi quickly and thoroughiy enouKh that withir a few m;rfnd:.

-



Figure 1.

A. A solution of 35 ml. Amino D, 15 ml.
benzyl alcohol, and 34U al. No. 2 fuel B. 6ix minutes later; gellation
oil (total volume, 378 al; 7't Aminp D3) is complete
placed within 4iO cm. dianter hoop. 30 g.
powdered Dry Ice was then applied.

C. Gel strength is cufficient to permit
removal of' hoop gellfe oil dof ; not

spr ead.



Figure 2.

IIL
, A -.-. "

A. 340 ml. No. 2 Fuel Oil in being B. Hooped area (40 ca. diameter),
sprinkled with solution of 35 al. 2 minutes after treatment with
Amine D, 17.5 al. benzyl alcohol, i g n powdered Dry Ica% Ge
and 17.5 ml. ethyl alcohol. is beginning to form.

\\g

I

C. Six minutes after &sin* treatmnt, D. Gel strength is sufficient to

gel is essentially completely formed, permit removal of hoop1 gelled
oil does not spread.



the nozzle orifices became plugged up by the semi-solid amine

carbamate (formed by the reaction of the amine with the nropellant
'0 cas !.

(t0 with the gas byplassin the reservoir, drawing up the amine

solui oni b( suction (the Venturi vrinciDle . Tn this mode, the

amount of pressure required (in excess of SO psi) to effert pickun

of the amine solution causea the formation of a *og of very fine

liquio a-one+.s in the spray. This was an adverse effect for two

r,asons:

H1) Even very sliiht wine velocities In 'he s,)raylng area were

siifficient to blow the. spray off the ,eIA.,reo spray pattern;

it was determined tha*. lens than one fourth of the desired

ouantity of amine intended to be onlivered to a given oil

slick area actually landed on that area, even unaer Ideal

nonditions. Larger liouid dror sizes were required.

(2) Most importantly, the amine solution in this fop, form

posed a severe choking problem. It is conceivable that,

deLpite the low toxicity of Amine J, a very serious health

problem could result from use of Amine D fogs. une possible

explanation of the choking character of the fog could be

formation of Amine J carbua~te upon respiration of the fog

into the lungs, by reaction of the amine with (U In the

lung, and clogging of the alveoli in the lung by the gummy

particles of the carbamate. For this treason, It is

recommended that amine solutions NO. be applied as fogs.

Another aevice with which we experimented was a 35 lb. fire extinguisher of

the CC2 type, in the horn of which was inserted a Devilbis atomizer (of the kind

used for throat spraying). Pressurized nitrogen (25 psi) waa us(i to spray

the &mine solution through the atomizer into the horn of the extinguisher, which

was simultaneously activated, reloasing solid and gaseous CO2 Intermixed with

the saine spray. Exeellent results were obtained for up to a half minute of

sprmyinK, indicatinv that the Amine 1) could be sprayea onto the oil slick a

the pre-formea carbmate and still produce gelation of th,' hydrocarbon oij



slick. However, the cold frozen G02 in each Instance caused eventual freeze-up

in the atomizer of the Amine 1) solution. Moreover, the amount of CO2 required

for this type of operation was astronomically largei a typical experiment

would utilite 35 pounds of CO2 in the extinf-aisher to mix with j lb. of amine

D solution.

'he fart that the carbamate could be Dreformea and then applied to 'hp

o l slick and still obtain gelation ennouraged us to exreriment with Amine D

carbamate (which is a giimmy whit- solia) by itself am/ in various solutions.

We were uniformly unsuccessful in this, although we are sroill working on this

possiullity, since it would obviate the requirement t.or cLxryina CO2 in any

form on the recovery craft. With the Amine D carbamate Itself, the gummy
character of the solid prevented any reduction to fine pa'-ticle form, which in

turn would be necessary in order to achieve good homogeneous distribution in

an oil slick. "he amine carbamate is reasonably solubl.%, in such protic solvents

as methyl and ethyl alcohols, ano also in DMSO. However, these solvents tend

to carry the mine solute into the water rather than Into the oil slick. Although

the cartmate then re-precipitates (on contact with the water), the solid

carbante In the water has little if any tendency to mix with the overlying oil.

Our earlier success with the gravity fed garden sprinkler thus brought us

back to this type of system, with the one modification of providing a means of

pressurizing the amine solution so that a greater area of application could be

realIzea. After attempting to construct some laboratory prototypes, all of

which proved unwicldly, a 3.3 gallon Chapin No. 135 hand pumped compressed air

garnen srrayer was selected as being aeceptable for use in field test

operations. Figure 3 (page 17) illustrates the use of this sprayer.

F. Building the test system.

(See discussion lmnedlately above.)

F. Tesiine the system in the JBF-_ teat tank (vice Boston Harbor).

As Indicated in the discussion unuer C. above, it hai viove ifeat,.t e ..

arrange a test of the system in Boston Harbor, as had teen )rovirleu In '.r'e

original proposal, and accordingly we ha rNques.ed ant recelvej Permission -

~-1 5-



per o:r l,.' fiela test in the JBF tes' tank at Wilmington, Massachusetts.

For this test, scheduled for 20-21 Sentember 1976, we were requested by the

NhL :'3cen!ifir tifficer to achieve the following goals (corresvonuence of

27 July 1976): (see AiDpendix E)

(1) Determination of the feasbility of in situ oil svill. gelation uslnv

the develored amine carbamate approach under field conditions,

(2) ;valuation o' !he effectiveness of devices for apnlying Relation

&;-nts,

(J) Studies o th.- ability oi oil-spIll removal sYstemr to harvest the

gelled petroleum oil.

(4) Determination O the possibility of premixing the &mine and Co 2 prior

to their contact with the floating oil and the proper-ties of 'he gel

produced by such a procedure.

(5) Oil-collecting agents (Piston Film) will be used to confine some of

the test spills to determine the advantage of preventing spreading

of the spill prior to gelation.

For the test operation, the test tank was boomed off into two small and two

lari'e quadrants. The sequence of events for each of the quadrants utilized

in the test operation is provided in this report as Appendix D. (Notes the

optional nighttime fluorescence test was not performea.) A discussion of

each of the phases of the test operation follows.

I. SmaIl quadrant tests (see Vigures 3, 4, 5, 6, . 7, pp. 17 - 21)

A. 3equence,

I. Apply 2 gallons of Diesel fuel to surface of pool.

2. Apply small quantity of Piston Oil Film to assist in containment

of slick.

3. spray 0.3 gal. (making for 15% vol./vol. concentration) of

solution of Amine D (70% U, 15% ethyl alcohol, 15% benzyl

alcohol) on surface of slick.

4. Apply powdered Dry Ice. Let stand for 5 minutes for gelatio.,

5. Recover gelled slick using sieve.

6. Appl yI P ! ton 0 In to dny rtiitual ungele1i (iiI

~-1-
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IP P. Cb~e,'tivesj

I. Oemonstrate sprayinp' technique and subeotuent arvlicdtion of CO,.

2. 1emonit rate eompattbflIty of Amine o systzm with Piston Alm.

3. .emonntrate sieving tephnique for harv-stlng of' g.ilteo slink.

C. ptsu ts.

I. Hosovenaous application of Amine I) to oil slick was achievea

us~nF the soray technique.

. ston eilm did not ine reref with subsequent arpi!catiun of

amine or with gelation results. As shown in Figure ? (page 23)

oil qhen added to gelled oil was then treated with small

amojntr of Piston Film; both oil ana geeo oil were successfully

"herded" using this technique.

3. :ieving is a viable technique for harvesting of gelled oil.

II. Large quaarant test: (see Figures 8, 9 and 10. pa ,es ?. - 29)

A. Sequencei

I. Apply S gallons of previously mixed No. 2 fuel oil/Amine u solution

( . al, oil and 0.7 gal Amine D solution, for a 15% concentration

of the amine solution, and a 10 concentration of amine).

Lst. with powdered Pry Ice.

. Ha-vest with DIP.

B. Objectivet to demonstrate harvesting techniqie ana compatibility with

DIP craft.

C. Comments, rremixing of oil/amine solution was necessary inasmuch as

the spraver would not reach all dimensions of the large quadrant.

9. Hesultst

Prior to this test, a similar test was performed using ordinary

oil (dyea red for greater visibility: see Figure 8, pa.e 23). Using

the biTP, aproximately 1 hour was required to recover all t'Lat was

feasibly recoverable, i.e., about 90%, of the 3o1. As Is -ne -ar e

in any ungelied otl situation, the tencencv of "r 0 tl , 1r.p

bck over cleareo areas con1uIif raoly comb] ',. ,'. hv h,,rv,:.,.hd/ ,,

~-22-
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meaningful quantities of the oil.

As shown In Figures 9 and lO (pages 24 and 25). gelation of the

oil renders the oil relatively immobile: there is little if any

tendency for the gelled oil Lo drift back over cleared lanes,

and littie if any tendency for the gellen oll to move away as

the recovery craft approaches, Moreover, the visibility of the

gelled ohi is very considerably enhanced, due to the white color

of the +rel.

ADDITIONAL OBJEC2IVEI; AND TASKS oEVEWPED DUHING THE COURSE OF THE INVESTI(.ATION.

In adai" lon to the objectives and tasks discussed above, several new avenues

for research efforts along the lines of the project opened ur during the

course and as a result of the project research. These are discussed below.

1. Reduction of volatility ._ elation of hydrocarbons.

Earlv in our project work we observes. qualitatively, a rather marked

decrease in euaw-rat on rate of the more volatile hydrocarbons being tested,

when these had been gej.le1, relative to the ungelled hydrocarbons. This

obaervation was noted in our first two project reports. By correspondence

dated I March 1976 (see Appendix E) the NHL Scientific Officer noted that

such an effect could be of importance not only in terms of immobilizing

spills of flammable jet fuels and gasoline, but also in decreasing the hazards

(vapor and fire) attendant with such liquids, and encouragement was given to

further tests along these lines.

Accordingly we devised a crude but effective volatility measuring device

which provided remarkably good reproducability in the va-ioue tests performed

in this modifi',.tion of a wind tunnel; see Figure 11 (page 27). Within the

tunnel was placed two dishes containing equal amounis of water, on which was

floated equal amounts of a given hydrocarbon, one sample being gelled with a

10 Amine D/ethyl alcohol/benzyl alcohol solution and +he other sample being

ungelled. A fan controlled by a variable transformer blow rontro]ieu rates

of' air over these samnles, the wind velocity heing mea'sure1, b.t an

at the other end of the tunnel. At onr minuts fnt,.rval. it,. o}ittift w,-1,.

removed ana weighed to raet.eraine welpht lofis of hy(1rutr:.Lrhn b.y .vY;tporal rfn.

S- --_ _ _ -vz... . -- _
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Initial water temperatures were established at 200 C. (680 F)- varying

amounts of cooling occurred during the evaporation tests, depending on

the volatility of the hydrocarbon being tested; as would be anticipated,

the ungelled samples cooled more than the gelled samples, which underwent

less evaporation. On this basis, If constant temperatures had been

maintained, It would be anticipated that the ungellea samples woula

evaporate even mnre rapidly than the glied samles, than was observed

in thpse tests.

Using a pure volatile hydrocarbon, cyclohexane, and with a wind velocity

of 707 feet per minute (about 7.5 knots), a loss of 18.0 g. of ungelled

cyclohexane was experienced in 1? minutes, compared to a loss of only

5.8 g. of gelled cyclohexane in this same amount of time. With ACIAS 145,

unvelld AAS evaporated almost. exactly twice as fast as aid gelled AVCAS.

J. Reduction of flammability by gelation of hydrocarbons.

Based on the foregoing investigation of volatility effects, it was

attractive to investigate the possibility of reduction of flammability.

(ur initial studies tended to indicate that very drastic decreases in

flammability, far more than Should have been anticipated (from this

position of' hindsight), were being afforded by gelation of materials such

afs gasoline.

As an examuple, in the test operation at the JBF facilities on 20 - 21

Seotember 1976 (see Appendix D), the following scenario was proposedt

III. F'lame suppression testt

A. Apply 1 mm film (I'S ml) of ungelled rasoline to surface of

10 ft x V" (deep) x 1" (wide) trouph filled with water.

B. Ignite downwind end of trough and time spread of flame (own

trough.

C. A ter fire has burned out, apply 75 ml of 85% gasoline -

15% Amine D solution to trough. Dust with powdered Dry Ice.

D. Set fire to downwind end of troughl gellea film -probably w .l

nmt ignite or will burn very slowly down length of' troigh

If ignition does ocnur.

-28..



As set up, the scenarto worked perfectly, the ungelled gasoline burned readily.

requiring about a second or less to sweep down the trough; and the gelled

gaBolilne did not burn at all, even when pieces of the gel were exposed to a

blowtorch flame while in the trough (although. when removed from the surface

of the water, slow burning did occur).

Imbued with the success of this exDeriment, the Principal Investigator then

repeated the experiment using a little over 200 al of gasoline-Amine n soultion,

thereby Drovicing a 3 mm filim of gelled Rasollne after treatment with the Dry

Ice. On applyina a match to this trough experiment, the gelled gasilf.ne burst

into flames which raoldly spread down the trough.

The NRL ScIentific Officer, Dr. 17arrett, suggested a probable reason for

the anomalous behavior, this being that thin filas of gasoline (Ca. 1 mm

thick) over water burn less readily, anparently due to neat exchange Into the

water, than do thicker films of fuel.

It should be noted that the 1 on film of gasoline (unpelled) did burn, and

the 1 mm film of gelled gasoline did noti this in Itself could suggest that

thin films of volatile flammable fluids might be gelled, feasibly, to

suppress ignition. Moreover, a series of tests performed subsequently on a lab-

oratory scale (see Figure 12. page 30). indicate that perhaps gelled fuels

burn more slowly with leas intensity than do ungelled fules. Finally, the

dfcreased volatility of gelled hydrocarbons suggests that the flame hazarI. in

*erms of nearby sources of ignition could be significantly reduced by gelationt

future work along these lines is vroposed in the next section, dealing with

"Recom endations for Futute Work".

K. Ultraviolet fluorescences as a means of enhancing visibility of gelled and

ungeVlled oil slicks.

This work was not carried to a completion in terms of obtaining fully

quantitative results. The results were promising enough to indicate that further

work should be performed; again, this will be discussed in the next section.

Using a sample of a bottle labeld "Venezeualn Crude 011 found in one of

the store rooms at this University, a thin slick of the oil was applied to a

small pool, and the slick illuminated by both short and !ong wAvelength IIV

254 nm and 366 nm). Somo fluorecence w &e noted a' theo Ion wavlength

Illumination, but probably not enough for operational u:;N. oi,. Iue) (iI Fin,

similar refined, distilled stocks yieltF!(d even I .si f I uor./:un., thtiugh the re

was some in every instance.

-2Q



"iguire 12. lame tests,

A. Dish at left contains ungelled B. Ungelled gasoline In dish
gLelae, trUts with greater at left is begianing to
intensity than the gelled buxrn outs gelled gasoline
gasmoline in dish to right. is burning more slowly.

C. The UR9elled paeoline has burned o,,t|
gelled gaoline continues to Wan.



It was found that application of an oil soluble fluorescing agent (e.g.,

oil soluble Hhodamine B) in minute quantities producec, as would be ,xpectea,

very visible fluorescence even with the low level long range UV light source

which we utilized.

CONCLUSIONS

Laboratory tests indicate that a solution of 70% Amine D, 15% ethyl alcohol

and 15% benzyl alcohol when applieu to a concentration of about 10% to oil

sltcks gave excellent gelation of the oil after treatment with powdered Dry

Ice. With the exception of Navy Hesioual Special Fuel Oil #6, all hydrocarbons

tested were successfully gelled; these included a variety of pure hydrocarbons

and such important mixtures as JP-5, AWAS 145, No. 2 Fuel Oil, Diesel fuel, and

similar items of commerce. Film thickness does not appear to be a significant

factor; high water temperatures (above 800 F.) gives poor results for some

hydrocarbons, bjt over most operational temperature -Dpans temperature does not

apoear to be Important, nor does salinity. Larper scale fielo tests confirm these

results, and indicate that gelation of hydrocarbons by this process offers very

significant advantages in the recovery of the floating oil slick. This is

particularly the case in terms of the ease of pick-up of the gelled oill the

immobilization of the oil, which tends to keep the slick from drifting back over

previously cleared areas; and the greater visibility of the gelled slick. Oil

gelled in this manner can be very easily harvested using conventional uvP craft

or even by nets or sieves, manually nr- ated.

There is a low oryer of toxicity associated with the use of Amine U, in terms of
exposure of marine organisms; however, this is of the same order of toxicity as

is that of the oil slick in which it would be distributed; with water depths of

more than two feet, the toxicity problem is negligible.

There is a significant (ca. 50%) reduction in evaporation rate of gelled, compared

wi th ungelled hydrocarbons. This factor would be important in terms of reduced

vapor hazards and perhans fire hazards,

Ultraviolet fluorescers as additives to the gelling agent or to the .

itself were studiea anu round to have Tromise It term,. r,f rov:,J:r, .',.: .

vislbility for nighttime operations.
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RECOMMENDATIOINS CH FnU!'H& WORK

Based on the results of this investigation, the following topics appear worth

or further research and developments

]. Field test at sea or in open harbor, using the technology developed

In this Investigation.

2. Design and manufactnre of prototype equipment for use In DIP craft

for anplication of aine ard CO2 to oil slicks.

3. Development of a solubilized Amine 1) caramate (i.e., Amine I) pre-treated

with C02 ), thereby obviating the requirement !or Dry Ice oz other

means of carbonating the Amine ' after it has been applied to the slick.

4. Use of a hydrogenated derivative of Amine I) (whereby the aromatic

ring would be reduced to a cyclohexane ring) which could be expected to

a lower freezing point and lower toxicity than the Amine U Itself.

5. Further study Into the possibility of using Amine i) or other amine

gel] ing agents to reduce volatility and vapor and fire hazards posed

by volatile hydrocarbon spills.

6. Use of fluoroscing agents to improve visibility of gelled or ungelled

oil slicks.

Research proposals based on these concepts are being prepared for submission

for consideration.

-I2-



APPENDIX A

ACUTE TOXICITY OF HEHC1rNS AMINE-D

(prepared by Sias Research LaboratorV, lahey Clinic Foundation)

Notet ome of the pages of this

Appendix are Inaependently

rumbered, or have no page

numbers. Collectively, these

pages comprise pages 33-42

of this overall Report.



Acute Toxicity of Hercules Amine-D

In an attempt to determine the nature of the toxic substance or substances

in Amine-D and #2 fuel oil mix, several experiments were conducted. Using the

barrier tank apparatus described in our previous report (see attached), one ml

aliquots of #2 fuel oil with 3% ethanol added were mixed with artificial sea-

water to make up one liter final volume. Any one of five Fundulus heteroclitus

taken from the holding tank was checked at random for normalcy and the other

four were placed in the test tank. At the end of two hours the fish were sacri-

ficed, and blood from the caudal artery was analyzed electronically. Standard

slides for microscopic evaluation were also made. Differential blood counts and

photomicrographic images were prepared from each slide. Figure (13) shows a

photomicrograph taken of a blood slide from a control sample fish (swimming in

a barrier tank in one liter of artificial seawater. Figure (14) shows the change

in the blood cell population of F. heteroclitus subjected to 97Oppm of #2 fuel

oil in artificial seawater for 2 hours. Our previous work showed that F. hetero--

clitus specimens were able to withstand 5-1Oppm of Hercules Amine-D (solubilized

with 3% ethanol) in artificial seawater for 24 hours without exhibiting any un-

toward reactions, and that they could withstand the mix of the Amine-D, ethanol

and #2 fuel oil in low concentrations lO-20ppm in artificial seawater for 24

hours. In this latter case, however, the electronic monitoring showed that the

blood cells had been altered. In our final experiments, therefore, we stressed

the system and locked at the acute toxic effects of the Amine-D/ethanol and the

Amine-D/ethanol plus #2 fuel oil mix in 6S8ppm concentration and 56ppm concentra-

tion respectively.

Differential blood counts done on all samples showed that the erythrocyte:

lymphocyte: thrombocyte: granulocyte ratios did not change significantly. The

electronic patterns and the optical microscope observations showed that the

erythrocytes were effected, moreovPr, fish on both sides of the barrier which

keeps the insoluble chemicals available to only one half of the fish in the



2

sample were effected similarly, thus indicating that the toxic chemical or

chemicals are seawater soluble.

Table 1 summarizes the survival data and the chemical insults that test

populations of F. heteroclitus were subjected to. Amine-D was added directly

to the blood of F. heteroclitus as a second type of control. Amounts of

Amine-D in saline ranging from 33ppm to full strength were used. All blood

cells were altered regardless of the concentration, however, the effect was

similar to the results seen in Figure (14), viz. an elongation of the blood

cells with little or no cell membrane damage.

Acute toxic reaction in fish swimming in artificial seawater containing

ethanol, Amine-D alone or in combination with 02 fuel oil effected the blood

cell membrane in a manner similar to that seen in chronic copper (II) toxic re-

actions. The surface of the membrane loses its selective permeability and

spots appear fairly evenly distributed over the cell surface. A difference be-

tween the two reactions does exist. In the case of the Amine-D reaction, the

ratios of the formed elements in the blood do not appear to change. This indi-

cates that the mechanism of action is different from that seen in F. heteroclitus

subjected to copper (II) ions. The lethal interval also is interesting for Amine-D

toxicity because it suggests (when combined with earlier data) that the soluble

toxin is in the Amine-D and may be a contaminant. We have a minimum of informa-

tion sufficient to relate the lethal interval to the Amine-D concentration re-

gardless of whether the amine is combined in a gel, in a free mix with #2 fuel

oil or solubilized in a small amount of ethanol follows a relationship which can

be predicted form Graph (1). Amine-D concentrations of less than 2Oppm appear

to be able to be handled by the fish as easily as the fu. oil itself and, in

fact, cause alterations in the blood similar to that seen in Figure (14).

If, as we conclude from the data, it is a soluble contaminant in the Amine-D

-. -7~- 4~-- - - _ - - _ _ _ _----- - - _
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that is causing the observed toxic response, then further testing will prove

the fact. Regardless of the toxin, however, in Amine-D concentration levels of

20ppm or less can be accepted as safe. The concentrations of Amine-D used

to incorporate into an oil spill at sea will be mixed with a volume of water

sufficient to lower Lhe concentration of the toxin to a safe level at less than

2 feet below the seawater surface even under the condition of no mixing.
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Fig.l3. Norumal red blood c11s show the characteristic eliptical
shape a, sieoth, rigid membrane- tuclei in these cells are not as
clearly defined as those in the experimental cells.

v "

yi .  14 l'+dll , el ' lli *1 .l (,.11 to( t . 1. 1:l l II l+~ ~
shw larye dtvi dti r, ii, (.U el . idtii, WI th LlY'. IA.. 1 , J mtJc
riarrower than normel.



;~. uclei appear to project from the cells, (A) and sheddir'i .0
t~~ ~ QIlasm (B) is evident.

j .16. 1[iuuiated nuclei (A) of red blood cells; somec cells sho)w a
ut o cytoplasm exhibited by clearing rings (U1) around rwcl( i
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APPENOIX B

TEST PLAN MOH EVALUATTNG AND DnEONSTRATIN,

JBF OIL SKIFMRS IN BOUTON HARBOR

(Prepared by JBP Scientific Corporation)

Notes Some of the pages of this Appendix

are independently numbered of have

no page numbrs. Collectively,

these pages comprise pages 43-60

of this overall Report.
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JBF SCIEN TIFIC CORPORA TION

TEST PLAN FOR EVALUATING AND DEMONSTRATING
JBF OIL SKIMMERS IN BOSTON HAR BOR

The conditions which will be fulfilled by the test plan will be in accordance

with Section 110.8 of Title 18 of the Code of Federal Rcgulations as follows:

Paragraph 1. c. The purpose for discharging oil into the navigable waters

of Boston Harbor is to establish better methods and

procedures for operating in actual oil spills so that

more rapid and efficient methods can be utilized. The

results of the work will be published by the U.S. Navy

and American Petroleum Institute. Copies of these

reports are distributed throughout the country. A copy

of each report generated will be given to EPA so that

the information can be further distributed. Finally,

JBF will publish the results in technical papers which

will be presented at national and international oil

pollution conferences. Without tests which discharge

oil, it would be impossible to develop the type of infor-

mation needed to improve the state of the art.

Paragraph 1. d. JBF Scientific assumes all liability for any personal

injury, property losses or environmental damages

resultsin directly or indirectly from any testing or

demonstration program, and for all costs, including

costs or damages resulting from cancellation by the

Administrator or failure by the Administrator to

cancel tests and demonstrations.

Results of any testing or demonstration program shall

be made availab]e to the Administrator.

Paragraph 2. a. The work plan fur the tests and demonstration proposed

is contained in the following sections.

1



JBF SCIENTIFIC CORPORA TION

(1) Description of Equipment to be Tested

Four models of JBF Skimmers will be tested during the period August 1,

1976 through July 30, 1978. A description of the concept and of the indi-

vidual models that will be tested are shown on the following pages.

__i_____ __ _ _ _ ______



JBF SCIENTIFIC CORPORA TION

THE DIP CONCEPT

collected oil .
t water lIn

plavng " oil film

plat, 8ide plates

bottom plate

collection zone concentration zone

Dynamic Inclined Plane (DIP)* skimmers are based upon the concept of
collecting the oil under the surface of the water, thus greatly reducing the
effect of waves. As the skimmer moves through the water, or the water
moves past the skimmer, the oil is forced to follow the surface of a moving
inclined plane to a collection well underneath the skimmer. Buoyant forces
cause the oil to surface in the well, forcing water out the bottom. As the
oil collects, it is pumped off to storage tanks. Separation occurs automat-
ically and virtually no water is collected.

The moving plane is a heavy-duty conveyor belt which carries oil and
sorbents down to the collection well. Recovery is in excess of 90% of the
oil-sorbent mixtures presented to the skimmer mouth,. in one pass of the
unit and in the presence of waves. A set of rigid articulated sweeps is also
available for attachment to the bow of the skimmer. These sweeps increase
the "effective mouth width" and, hence, the oil collection rate by a factor of
three.

Unique features of the DIP skimmers include:

* the ability to harvest any floating material, including debris
and sorbents, without changing the skimmer configuration

0 autornatic oil/water separation so that the recovered oil is
virtually water free. No water is added by the pickup process.

46 a rugged, long-life belt, that uses natural forces to transport
the oil to the collection well. No absorbent, or flow-through,
principles are required.

a skimming may be performed at speeds, or in currents,
between 0 and 3 knots

0 excellent performance in waves since the oil is collected
under the skimmer

"::PAtents pending
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DIP 1000 SERIES

These units were designed for u ;e in restricted environments, under piers
and bctwcn nested ships, in either a moving or a stationary mode. They
are efiective harvesting oil inside a containnient boom, as a link in a boom,
or operating outside the boorn.

The units contain twit propulsion, a moving plane, a co]h:ction well, and a
pump to transfer the oil from the skimmer to the pier. A ZS-foot long wand
is used to guide the skimmer through the slick and the oil is pumped ashore
through the same wand. A remote control box provides the capability of
turning the belt, pump, and propulsors on and off. These units are air
operated.

DIP 2000 SERIES

This series of skimmers is & ig;ied to be used in either a sweeping or
stationary mode. They e-re highly rugged, portable, and can be trailered
and launched q-,ickly. They can be moored in a river or bay, where wind
and current bring the oil to th'e skirruner, or strappcd to the side of a vessel
of opportunity and used in a sweeping mode. When operated with a support
vessel, they are effective in 3-foot waves. Units are available with either
electric or diesel power.

DIP 3000 SERIES

This series fills the need io." a general-purpose, fully self-contained skim-
mer to recover a wide range of floatables under conditions typically encoun-
tered in calm and rough waters. The units are diesel powered, twin screw,
and all pumping, propulsion, and belt functions are hydraulic.

DIP 3001 units are Z5-fr. -t long arid have a total onboard storage capability
of 1400 gallons. Operation is highly effective in waves to several feet and
at speeds to 3 knots.

The DIP 3003 is larger than tho 3001 and is desjned to operate in more
severe wave environment:i. It is 35-feet long, has a d. eper draft, larger
freeboard, and can store 4000 gallons of oil on board.

DIP 4000 6ERIES

This series of skimmer, has been designed primarily for unmanned skim-
ming in high waves.

The DIP 4001 is a Z6-foot long, diesel-hydraulic, skinirner that can be
operated manned in low sea st,.tes and unin knecd in high seas. In the un-
manned configuration, the skimri,,ur iu tow, d asia:ri, and to the side of a
large support vessel. An umbilical between the slimrni.r and the support
vessel is used to transmit control signals to the skimmer and to pump
recovered oil from the skimnmer to the support vessel for storage.

The skinner can actively (under power), or past.ivcly (rudder only),
change its position, with regard to the support ve stel, to allow the
skimner to follow the edge of a 'lick or a long windrow.

4
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DIP 1001
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DIP 2001
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Dip 3001
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'iyj~vt. of Oil to 131 Dificlhrged

SoybcanI Oil

Soiybeai oil will bo Lumcd to :iimulatv tit, lilh fr~t-is, Ik like No. ?.

luel oil.* It iti h hiodeg ratlable. nattural oil which) t 1t iE-n liscd in

oil huunm 4valuat.,s bjy J1ohnis Mainv illc and UiL:1. ")*. Cua st (ju Lrd

tiff thn coftht of Florid.%. It WUM bL'JCC LCd by Jolatl.j Manville; and-

nppruved by the feclaral and local atithorities bciuause it w-is dleter -

a d tied to tic virtuall y ha rmileti . to Ih he Cfii ur ie unt

(;.spit'jr Oil-

Cuiidur oil in alimo biodegradable, beca.in it is A i..t 'ral oil, It ir,

Umal for 11edic inal contiumption in the hinnan body and is readily

ill geait iblL' in anixualiu. Although it ist miu i mre xpL'nsive than

moylbnfn oAl, it im mclectecd becaube it8 prcopLertie: arQ inuch cloricr

to thosi' uf the romidual uils.

1;crhonts and Naturai Floatableii

Sjrhnntsu will be utied to cdetermine the effectivunetis of the various

unito whon ubed witi no~nt~xic- o4orbetits. Typieal surlients that mnay

Ita ueed are polyiircthane foami, I-kvperl, straw, and 8utdweed.

V'inton iYtlrn and GvWllhAj( Agets

'Vhe,,e chiemicals are for the pmrpume of red-ici u thec intir faci l

tewmilon between oil and water, thus preventing thme rapid "predading

of oil. Tihey are aImo uouui to t unLrol thme oil slih k by iipraying very

nmail amountf; uround itii [tori pimeur. Cherxii( ah. of this type will

hlive already been approved for use by time lEnv ires! m(enial. 1rotuection

Agoncy. AYmnountH unmed sbl~d1 nut extvcd Z galluwm/linear mill. at

6 hour i'itorvalv uld shall iiut he, ajpldivl tim-oc Hi-to 3 tiein a

Z4 hour perid.
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Fuel Oils

Distillate and residual fuel oils and various mixtures of each will

abso be u.,ed in small quantities under carefully controlled conditins.

The Main purpose of using these oils will be to establish the validity

of the tests performed with the simulants.

Oi-intit._of Oi iMethod of Discharge, and Number of Tests

'hert- will be several test bituations evaluated. These will include tests in

Lo .icd-off areas, tests .%here the oil is depluyed immediately ahead of the

UrulL, and tests of free slicks. The free- slick tests, however, will be run

,vi~ii sorbents, straw, and seaweeds mixed with very small quantities of

biudegradable oil (approxiniateiy 5 gallons).

Oil Tests in Boomed-Off Areas

Tests in boomed-off areas will be performed by completely enclosing

an area within a boom. The floatable will bc within the area, begin-

ning with very small quantities (5 gallons) and increasing gradually

to approximately 25 gallons. The small quantities will be used to

determine the effectiveness of completely cleaning up that particular

floatable. Larger volumes will be used to obtain quantitative infor-

mation only after it has been determined that the system does do a

good cleanup job. Several tests that were run with the DIP have

shown that this procedure is reasonable. The location of these tests

will be between piers at the oid South Boston Naval Shipyard

(Annx). No more than a total of 100 gallons of biodf-gradable

oil and 100 gallons of petroleum oil will bc ,pilltod for all

of these tests and no more than 50 gallons of either type will be

spilled within a 24 hour period. All discharges will be made in the

morning hours so that there is ample time for cleanup operations

before dark.

10
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Harbor Tests of Oil Recovery in a Skimming,_Mode-

Skimnming, mode tests with the skimnmer underwvay: The floatable

will be distributed on the w~ater surface iimmedliately in front of

tie unit between sweeps or confinement arm%. These types of

tests were run with the early EPA Demonstrator, where sm-all

amouunts of oil were deployed and harvested. If piston films and g.ulliinj

agents prove to be effective, tHis(: filnis will. be used a.,; aids to confine

the floatahir to narrow slicks. Petrolcurn oils will be testedl primarily to

erstablish the relationship between the biodegradable and petroleum

oil tests. This general approach was successfully applied in the

tests on the EPA Demonstrator. The location of these tests will be

b-etween the piers at the South Boston Naval Shipyard (Annex) as

indicated on the map. No mnore than 25 gallons of oil will he

spilled/test/day. I
Tcsts B~etw.een Pi-rs.

Tests between piers at Pier 6 of the old Shipyard Annex are anti-

cipated in August of 1976. These tests wil~l involvye the list! of fuel or soy-

bean oil mnixed with seaweed and dvbris in the form of wodasd natl' ral

stringy- materials. There would be it total of 6 tests perforrmed at

Z') gallons per te't with no more than two tests being pem'torrcA

day.

(2) Assessment of Environmen~talDamage

The total qutantities of oil spilled are less than thc ri),tY irnumn stateul ill the

EPA guidelines. Practically all of the oil will be rternuveri by the -,kimnerii

being tested, Based wi the quantity of cii thajt will be spilled mcik thk? eff i-

cicncies of the devices which will be skimming, letss than 1017 of tht. test onI.

will he remaining in the water. This amnount will -not exceed a. ;YwX;?1t1m of

2. 1) gallons in a 25 gallon test. Within Z4 hoursi l;silan 5 gallons would Ibe

remaining in the water. There will bc, riLo envi ronTierital damnat,, a .4!iociated

with this quantity of oil,



jai .ti-i,,

(3) A copy of this docurujent is being provider€ to the U. S. Coast Guard.

Iminiediatley following each test, all tost oil regardless of type will be

picked up off the water surface. Cleanup procedures will be performed
using JBF skimrrmers in cumbinatiun with sorbent, [h.Lt have been demon-

strated previously. All oil mixtures will he picked tip arid (:ollccterl in the

skimmer collection chambers. The concentrated mixture will then be

transferred front the well to onboard storage of a ,lnif or to i support

ve ssCl.

(4) Cv:tingency for all Tests

To eliminate the possibility of causing any datoage to the environment

whilc testing with oils, the anmount deployed for eaclh teft run will be

limited to 25 gallons. At no time will more than 50 gallons of oil be bpilled

within a 24 hour period for the types of tests described in the section

entitled "Harbor Tests of Oil Recovery in a Skimiriing Mode'I l3ased on

efficiencies measured at EPA's tow basin in New Jersey for the DIP Rkinmrner

USN )IP 3001, 90% of all the oil will be recovered ini the first pass (see Table

I altached). Abauming several pazs:c, much less than 102 will be remnainirig

in the water. Deflection boomb will be critically located downwind or do-w

current to insure that none of the oil spilled by accident will be allowed to

escape into open water.

Period of Test Performance

Based on approval by EPA, tests will begin iti Au ',,,t of 1976 and will extend

into July of 1978. EPA, tie U.S. Coast Guard, and the Massachu,|etts

Division of Water Pollution Control will be notified by telephone at least Z4

hours in advance of all major tests performed in lBoston's waters. Point of

contact with the Coast Guard will be tie Oil Pollution officur at th,.e cGOP
Base Office.

(5) Technical Justificatica

These tests which are required in our contrac:ts with the: tJiv(ijity of

Lowell, the American Petroleur, Int ittite, awl th' 11.: . a;Avy will ire-prov,

the state of the art and provide YTmuch, rte(,-led te:hci al datt-1a to irnprove the

design of future oil recovery ,|ystenis and dewlop 1i,,l .fficient rrcthod,

for recovering oil spills.
, 17
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USN 1I' 3001 Oil Recovery Sy8tem Ttst.

Table I. Throughput Effici.ic V - 2. ' knots
(Frce Stick - Skiinier Aperture -: 5 feet)

Back Average

Tow Belt Plate Throughput Throughput
T'. t Speed OpLenig Efficiency,: Efficiencty:'-

(knut i) (knots) (inches) M

1 0 97

2 0.5 101'

3 2 94

•3. 95

I KNOT AVERAGE 97

641{ 1. Z5 1.25 3.5 94 94

9 1. 5 1. 5 0 10 34 103

92 1.75 1. 5 0 99 99

60C 2 1.75 3. 5 93 93

Oil Collected
Throughput Efficiency Oil Intercepted iM On Va S

X-Standar1 l)cviation of Volumetric Measurcme,,tb of Collectcd Oil Based
on 13 Czilibration Runi is 1 6%.

13
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t ) li'voviiioi for Technical Documentation

Tccl":ical irformation that is obtained will be provided to EPA and all other

fed -i l and local agencies that reque.-t it.

(7) Concurrence of State Authority

A col i of a letter from the Comnmoriwealth of Massachusetts for similar

tcstt; ii previous years is appended.

(8) Prior Notification to the U. S. Coast Guard

'rhe attachcd form will be sent to the Coast Guard notifying them of any test

in .cess uf ZO gallons. The Coast Guard will be notified by telephone of all

teutf. to be performed in Boston Harbor regardless of the quantity of oil to

be spilled.

14



NOTIFICATION OF TESTS

SR-CiENTIFIC CORPORATION 2je~eIlonvt Wmingo Ma-s 019Vb Tel (6171 6574F70

Date:

U.S. Coast Guard
First Coast Guard District
427 Commercial Street
Boston, MA

Attn: Pollution Control Offlic"

Gentlemen:

This is to notify you that JBF Scientific Corporation will be performing:

A. Tests in a boomed off area

B. Tests in a free skimming mode

Date of Tests.

Total quantity of oil to be spilled within a Z4-huur period:

Quantity per test: Number of tests:

Location:

If there are any questions concerning the above tests, please contact
Mr. Ralph A. Bianchi at 657-4170.

15



THE COMMONWEALTH OF MASSACHUSETTS

r;.. '- WATER RESOURCES COMMISSION

LEVERETT SALTrJNSTAIL BUILDING, GOVERNMENT CENTER

100 CAMBRIDUE STREET. BOSTON 02202

OFFI: L t," THL CIRL'TOR

DIVISION LIT WATVER hArcli 6, 1974
P0Lt JT IC(_N CONTPOL

V.t J=ck --'Inlon 'e: 3.1%t, Scientific Corp.
Envirotrr.al Protaction AeCy Te3t .,rccedure

243 gMaod Avenue
tNeedham 'Ie ht-, as.-Achumett3 02194

:e have raview,4 the test plan submitted by J.3.?. Octentlfic Corp. ?Pbruary
19. 1174 for evalvating their oil skAxwers 1 tas3achu3*ett. vters.

L.:e will tvncur with the test plan ad have no particulAr 'ti quirements.

Very -o

7'h C. t4c, ahon
)Lruct r

TC.4/DLC/j
CC3 ,Mr. ianchi, J.M, Sc en 01c 'rp # 2 "ay Avenue, turLxirt on, !llasachu .-tl1)L3.X



Aug**st ts 1976

R4lpb A. flalmhL b. ostee m~rbor
&'rOle. Di;.etot Ott Spill Tests
jar sgctott corpoistloe
2 Jaol ertvo
V91misistoat 4ssbsls01

The Division of Wat.r Pollution Cato3 Mas "*vtets the test Plau
subsitted by Jb? Settifid Corkogetiot on JUalY 23* 1976t tItls4*

Test Plant for Evaluating &04 DemoR'etrttes
Jar Ott SkLommre In bostes Haribor*

jar7 plans to 4esuoistiets, the -effectivenesus of four Mode1.e of 13l?
Skisviis by spillias "i' calleette oil to Bostn Harbor vterse BLO4.gradablo
atural ails wilt !-attially be ussi for maost testso aid Luat oil will b,9 usta to@

Co0'.Ara LVIS VZIL41.y Of ~4~tOtI. Vhg Pr,79MM Will i-1t4o 'Clea-u: Iin bo'vJ-o
off steo# toots, lmvlvisa sw 611*ksp and tests of ftse *licbk. Sawbmtep p4ston-
flums selling 4goesteo m," fletiox dobvLe wilt be &aded to tbe slick during s"

All tests wiitb io t or4ate with Seution 610,5 of Title 15 ot
FedIcI& regVal*%iesWs Jay Sgietific aOSM"S &lI 114bilities tUCUrrod &s a result
of the tests* The Vviosio witl be **%LtIed at lyast 24 bows ivi advan~ce of all

- The test viea" are eprered with lbs following coft4LUt1ss

" . te resulto of tbs ptogrom witlI be $out to
the Dvsio%.

.A map of lbs pepu.4d test Iftatios as th. ship-
yaid shield be seat to the DIvisioe

- VMor tuly yowrs

COP~i eid i4 o D DC &m so? om s C a t o

TWCNP/.e
wg Jash Coies, Me. 140 gighlem4 Avosos, Kodhems V41g~t 9"ossebsetts 02194



APPENDIX C

TECHNICAL DATA

AMINE D"' AND DEHIVATIVES

(Prepared by Hercs, Ine.orporated, Wilmington, Delaware)

Notes Some of the pages of this Appendix

are independently numbered, or have

nolsge nunbers. Collectively, these

pages comprise pages 61-69 of this

overall Report.
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TECHNICAL AMINE DT"

DATA AND DERIVATIVES

BULLETIN OR-132C
(Supersedes PC-1321W B

AMINE D, AMINE D ACETATE 70%, AND AMINE D ACETATE 50S

AMINE DThA is a mixture of related primary amines derived froin a modified
rosin. It cai bc descriled chemically as a technical grade o! deliyd ioabictylamine,

..... 2 ... i,,,li, ,.I C ,omprsisng it. Amine D re;idily undlervoes the iisual chemical

reactions of primary amines. For use in aqueous systems, it can be converted to

the acetic acid salt, which is totally soluble in water. For thc convenience of

those who may not have facilities to convert to the acetate form. Hercules

offers AMINE D ACETATE 70, and AMINE D ACETATE 50S, a 70 percent
solids aqueous paste and a 50 percent solids aqueous-alcoholic solution ot this

salt, respectively.

This bulletin describes typical uses foi Amine 1) and several of its deriv-
atives, and presents detailed information on their physical and chmical prop-

erties. Toxiity and handling precautions are also included. Indicated appli-

cations include use as surface-active agents, corrosion inhibitors, additives for
asphalt, industrial prcservatives, chemical intermediates, and flotation reagents.

A separate bulletin covers the Polyrad® series of ethylene oxide adducts of
Amine D. [his lamily of products is especially effecti%,c as inhibitors for acid-
induced corrosion, particulary for hydrochloric acid.

E PA RTMENT
,ERCULES INCORPORATED • WILMINGTON, DELAWARE 19899
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TYPICAL USLS

i\sphatt Addi-tives.

.\mine1 1) 1IL: its Icetrite sail are useful antistri pnlI agel is !1 1111ioMT' or pro-
I lt- c:d hCSi0Tl of asp a',s to slo(ne aggregates used in road const Eriction or re pair.

' I Ire .re nioi,% effective foi imnrwing bind itie of cutback a t-1lIm ts TO SiiC Iios
iriatciials thin Io) basic aggregates suich ws Imnestone. Gencr M ,v 0. S to 1 .25

~ etof tile am ine or oniine deri~a I iLc is I eliiL dCLiWIId 1W (111 t\/VL pe
ONPh1alt driI aegrcpatc to be coated.

ChemicalIntermediates

Ai 'i I) is a technical giade of the primiarN amine dclnydroah-ictlainm, and,
i;.d %ic is a vcry reactive chemical. It is Used by lici-eren I arnd others for mian-

1, a: 0r 1, ~il:eSaltS. MlIrty Other potenltially uIse'11 iidervtives (see sect ion
1ilil '1I R.J I I isit y under Chermical and Physical PropertieN of Amne ID) can

be w-'J, .

Corrosion Inhibitors

R~eaction proluinct ot' Amine D) with ethylene oxide (Plolyrad products) are
lighly ei'fCCtl.c ccwrTOSion inhibitors for hydrochloric acid used in chemnical

specialties thowi cleaners). industrial cleaning. arid oil well acidizing. These
s-Iter-sOltible inhibitors are especially useful in) petileuni refinery streams for
rt'dt ving corrosion Of ',qrr1iprient by hydrogen sulfide,. hydrojgen chloride, carbon
dioxide, and orzanic i-'cids. In addition, these ina1',rials act as detergents in
!oosening and dispersing scale-forining materials prks tit in refinery systems.
Information inl greater detail (,n Polyrad produIcts is as .udable inl other I lercules
lizeciat ore.

Flotation Reagents

Thie acetate of Amine 1) is an excellent collector for silica ard silicate minerals.
It is used primarily in thle beneficiation of no-netallic: oics si,,h as feldspar.
qjuartz, phosphate rock, andi cement rock. It is useful ulr.alone o~r in Conl-
junction with other reagents, for the ibeneficiation of iron oxide and other
metallic ores. More de tailed Information on tl tation appica tin ls of' t0rV acetate
salt is available in anothe, IHercules jtuhlic ation

Preservatives

'Fhe p~en dchlorop lie: iol ;;dt of Am ino 1) is a very effective ingredient of pre-
servIrt ivos uised inl emuol sion pail)ts: WOOd-treatI rg Coiript in ud s a ad cordlage. tell.
fabric, and pa per that Are n10t eXp'osed it) sunlight Thic p-.nt .rchnlorophena Ic is
neither manumfactu red nor suld by 11erCUleS, hUt carl he ncdiyMade by hot
fwsion of the above mnateriali. A description of this derivative follows.

'Fie pen tacilorsiplreriol salt of Amnine I), which is sonotiiiies referred to as
recinia~ ehdmohicylariioiiunnipentlacllrophienoxide, , (ldark ambler.

brittie, resinons ,olid. Softening point of ,nI y picitl saimple ik 10 4-C( NIpcihtic
gi vity at 20 ,12 0 'C is I1.288. Vapor pressm-e (it tNr perila m;en'phenate v,
approximately one -lent h that of pen taclloroplicnol i tselfI. I lie pea tach loro
pliuirie of Anrink, I) is readily soluble inl polar-type solvents stich1 as pine oil, and

1; If iOLIS .ilip)iAiIC and aromatic liydioearhons.
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C:117MICAL AND PHYSICAL
PROPERTIFS OF AMINE D

Aiiii.c 1) is :, witue (it high molecular H C CH2NH2
weight primary aiiiiies derived fromt the2 2

rcsil' conlstitllIC11 ofi ;I nIodiled
reisinl. I hIL v 1lL niI-Il\ stabili/ecd ahIlielyi-

,Aiiii incs, (lie piedoici iliit ono1 being de- CH
hi Ad:litv~nj1 11%k lI M001~ Aiti Cull-

figuirationi is showo alt IlIc right. Fypicali\, CH3

Arr imc 1) contins arotind 142 percent
tiiA amiines of v" Iiich abot 3 pertCent Are relatedI Secondary ainiines,. It is a clear.

\ J;uw. v ~II,kI1 ~IId hI\i. a faint mililiinniacal wtioii lither Iphysicail 'and(

ChmIIIICA propt-i t i, ,s aire - o n below.

Typical Properties of Amine D

Amine D

Color, Gardner 7
Specific gravity at 25/15.6'C 11U0
Refractive index at 20 ,C 1.5I45
vui-,d; per gallon at 25"C (kg,/ll 8-30(.0)

Viscosity, poises at 25'C 87
Flash point, 'F ('C) 378 (192)
Neutralization ectuivalent 316
Secondary amine content, 3
Total amine content, % 92

Solubility - I-or all practi Al conitsideratio'P. AmineC I) 1 inNoltliheill wa \;ter.

F-r eXai1l li, SOt~ibility' in w ater is kss than 0.5 graim per 10oi Lgi ams of wiater
at I1000( . I lOWeVCr. it is soIluble ini cotfmor, otrac solvents, incladling alcohols,
ethcr3. hydrocairbonis, aid chlorindtCed solvents. For uwc in xvatvij or % tli aqLIeoLls

SYSItnms. the amine call It I eatL Wi \%i iL t tic aiCid tt Inrrii wi era'-solule1 :dt.

Hercules offers the acetate salt of Amine D) as a convtrientc tc, isers who prefer
t) p)Urchase rather than mike the salt themnselves.

Stabilgity to Hteat and Sloragc - AineI 1) IS q nilke1 tlINCota b' 10 91.I INII ot(
A~.bv,. this temipera ture, grad nill deCO1mpn1it iOul OCe. 1ns antCI ases, .11 tie

hecailig timei anid tenlil)e rat Lre 'lie micrc ascdl I hIis IS 1Iluat- by the 111 l'h4wIg

data, til page 4, otbtaoncd oii a typicAl ,aniflc td \Inn D,.
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Time of Heating Temperature, Weight Loss of Amine D
(days) OC: During Heating, %

1 100 1.1
3 iCO 2.2
7 100 3. 2
1 150 10.5

150 18.0
7 ibO 35.4

7.5 hours 203 14.9

Ihei viscosi t\ of ,Xiniiic 1) tlde:cscs sharply with incrC.ise in teni peta lure.
\kIen cold it is\cvry \kis hiut on warining it beconi lvS sit ,:cintly fluid lo
pli mp or 01 heirwise I ranstei \xit boil di fficulty.

MIost inet:ils ,jit onit'lected by Amine 1) uinder normial cond(itions of1 con-
tact and stoiag- I allorator\ te~ts showked no effect on ;*ta~k ironl stainless
steel. Monet. copper, nickel, tin, tinc, or aluminui at rooml temnperal ire At
3t400 [1. 1149'('), Amine11 D caused slight corrosion (appros mately 2 ilsk per

kear I of black jim o, Moiiei, nickcL till, and zinc, but haid no effect onl stainless
\teCL, allliinuni , or copper.

Surface Activity Amnine 1) tjcilitate'., 111 he ettinlg of' SiliCeous sur-faLcs, as
illustrated by thC Contac0 angle nIeaSUrc'nicnt data that follow.

Contact Angle Against Glass
Test Sample Immersed in Water (average value)

Mineral spirits alone 1311'
Mineral spirits + 0,1% Ainine 0 1 140
Mineral spirits + 1.0% AmIne D 96"'
Mineral spirits -t 5.0% Amine D 77<'

1'hcse tests %%ere mrade by r,:le ising drops of soluition ot Amline 1) inl Inn-
er-Ld spirits be ia glass plates suincergcd in water, in a lioriwon Lal posi tion.
and rieasuring the contact angle directly with a microscope. 'The smnaller tile
angle, the greaterj the wettinig.

Chemnical Reactivity -- A ni ic 1) offv'rs mnotemrigheiis iLuusual , high-
purity, high 1110oleULa r weight iamnc As i clieiicl raw mnaterial o:intermeicate,
it na bc considere-d to het a iteclinical grade ot- (ehydromhictlainine. a con-

1en'-1 ing-sl ruct tet L-, priz.'l aromatic pi ioiiary amnine whose struiur is Shown
onl page 3- It iintervoeN ill' tny !ntl '>'!ied re-actions :omiionly asOeiated
withl ainines ot 11 tli lt. A fewA c\,iinplvs are its reaction with acids to produce
amine salts, with alkyl halides Io produc.e secondary and tertiary anmines aiid
ainnidecs, and with anhydrides to turin in idles. On the follow ing two pages. in
equation form.n arc othe ir potenitia l ie in ual reactlulls to \-.It ~I .\inei I) cani tic
applied.

Particularly valuable derivatives ot Amiink, 1) are the' N11imiCl Sat 1 ined 10 h\CI
reaction with cailloxyfic acids id acidikc phecnols. I xamnples i;L tile sltS sOf
ace-tic acid anid 111Cciotpieil Ilic c''iitimeici1hl' :iV.ii,11itte:Cli o:
Amnie 1) are disciissed onl paige 7.
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Possibl Ch.mical Reactions of AMINE D (RNH 2 )
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Possible Chemical Reactions of AMINE D(RNH 2)

A '11) "' Vt I''' I4.~ II II DlI Ai I 1A I

HItl a I 11 111 I i t la. a. l H 1-1 ' I

It IJ, I I!

It I' . ' Ki Ia I,

I I I KI) IM AS I.,.H I (

11aI II al k 11 IIl NI a aaaaa I

A*S l- rTI Il i I II Ill AN . 'a 'aaaaaia II - a l I(II '10I N10 '

Illl T A NI, N.da l ; I, li I IN l

M2IA .I( 1(l1 11;1N 1 I I "a '.~ * i '. I~i i t

"1 1,l'' I H I A*t.i' Iaia.(ft " I 'II l'I'N

I i I %' 1: 1 I

Sf M Ii, IN S .IASKa .a-a,. I(a fill flaaa Il Ht all

Ml- ~ ~ ~ ~ ~ ~ ~ ~ o Al.abl 0l~I~~Ia 'si-a sIPAO -- a- Ia.. Il

xmaa4 full 1%be aadc



OR-132C
P;1 7&

CHEMICAL AND PHYSICAL PROPERTIES
OF AMINE D ACETATE

1 ne jac. 4%;id sait of Amine 1) is commirercially ivailablv fromt I lurculcs a
An' In I1) Acetate Two eu-ncentra (ions iire o~ffered: a 70 11Cr-CrilId (Sq ALICOLIS
paste and a So per:e ut solids aq ueohIIS-,i~oIo'h~iC SOlIiOu). IProtCrt ies ofl these
producets are shown helow

Properties of Amine D Acetate

Amine D Acetate

70% _ 5SS

,olids content, IV 70 50
Water content, 0% 30 3
Isopropyl dIlcohol content, % 11
Specitic gravity at 25,'15.60C 1.036 1.017
Poun~ds per qallon at 25"C (kg/I) 8.630 (1.04) 8.460 (1.02)
VISCOSItV dt 25:G, poises solid paste 1.070
Filash point, Tag. open cup, 'F (0c) -140 (60)
Frcez~nq point, 'F (") -15 (-9)

Solubility - Amne 1) Acetaic is quite soluble in %vater and lower mk)IlecrIIr

wVcrght alCohol1s. Ili MoLibility in most other organic solvent-, I- not H,; great.
fItu ve.-v hard wate r,, tie plesence of ic n, ti~ch as Iohosphalv. clolride, m rd mld-
t .te causes clldy' SOlLItiOnS. III waters oft normal hardncss, d11. lueSolu.tionsh of
the acetaic (0.1) to I percent) may l'req nlently be lwi/ hill higher stre ngthi
solutions of fronm I to 50 percent ire generally clear. Filty percent conicenl-
trations are about (he limit ol'solubility ol [lie acetato inI water at rooui teerC-

ature.

NOT: I hie 50 perLCnt solid', %nInIIricrcIl fon III oft thiS L ACte Is'
readily diluted with wi Icr to lower coriccritratilhis. 'IVlie miost "'.1
islactory dilitioli procedure for lie 70) licicct- solids pitklwl whicli
is a licavs' iaste. is a% tollows! 'I I )add I past of waLte:r to I pal I of
thre Paste and Stir Wnild miXtlLIrC I,. onilorm, (.2) Iet Ntand '4 houmrs.
after whichl the flu id paste cani he readily diluted to air\, d-sircd lower
concentration,

St abili -t y to 'H -eat __a -n d _Storage -I he water- and ilkcolol-icc acetate oit Amnsc
I) k stlable tolheat below temper uturcs Al around 90Y'( tI jur 0 ulongcd hl iing
;;t hiplicr temrperatures, ii is converted into0 the free amiine ind irctit- acid, or
to in N-substituted aICetainide wlreir tile aecti aci torrrrtd- , inr.tl\
escape. I'm example. ill a cIowed systerr. \%hen ;1 "1111111k olftile JkLIct) of

Arinnc ) t OU ercet slids wa heaed6 llotuusiat w)''( rosraiei
sd imn ockmircd. When he.Aed at 105V ton 1.5 Ir1101', Ilnjk -salt \kas coriveiud
cinnipi-tely to am acdamiide.
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Stability to Air and Sunlight A cJiaira~ teristic of h1,9h moilcctlklr weight pru-
nar atnles and thecir sails is siisceptibilitv io oxidatii wWinOli fhiflmhs onl
Vjr 1il. S1II t1.I:CS are expo1Sed ito ar in 11wc prescem otsintohit Smnli ght cata-
11 /o t he oxidation. In t he absence nt sunlight, oxidlation is negligible. [hle
ace lit ot Anie 1 ). heing a hiigh nioloeilir weight pii iry ain ine salt, also
has [ill s characteris~e.

Surface Activity -[Ilic acetate of Amine 1) hias dcehnite SUrfactint properties.
It shows imirked welting activity onl siliccous suirface-s. III aueIouIS solution,
AimILc 1) Acetatv ;% adsorbed by celluilose i'c thicm:i4I, mdn hibrcs. ad,~ Mlter
r\ nt!. iN n ot read I Iv remove%'d by Sthiilcnl AI alun il. th, etigtm

411 uot Ion, as oieasirk'd by the I raves nictliod, is iUUI ked ly decreased bly the
picsciwc -11 small .im),mmis ot thli; salt iII the water.

[Fle It-ollo'III i .ng : iti 1It illu ict hse ss cttinlg properties,. and Sho(w how
t I* lace tvilsioll and initerfaciail Icitsioni bejtw cen water aiild org.anic liqulids arc

dLIcrased by thec presence of this acetate.

Amine D Acetate
(concenltration in water- %) 0 0.01 0.10 0.15 3.175 0.20 0.50 1.00

Surface tension,
dyneslcm at 25"C 72.1 55.4 37.7 - - 33.4 33.4 -

Interfacial tension
( iso octane -water),
dlynes/cm at 25'C 47.5 -- 9.2 - - - -. 0.9

Wetting speed,

Draves methiod

(cotton), sec - - 180 50 18 9 -

TOXICITY AND HANDLING PRECAUTIONS

IIke most amines and their sults. Aniinc I) .1011 the acett, althouigh ot rclai-
IIivCly l0W lox ieit\ , Should hle had led Withi carv. 'Iliew pi odii, lay cause skin
ii ritation. Avoid pliolonged or repeated conIAL Wil fitlie Skill.

lDermatological studiL indicate that Amtine 1) mid( certain of its derivatives
-ire not skin scnsill/.ers. At concentitions below 0.5 pert-cil they do not act
is primuarN irritaints evCn onl prolon1ged e X p)Sure 1o lite Skinl I.'er. 4coneen-
trated soltiomns or thec undilted material mi prolonged espi, -Il, do0 act as pri-
mary skin irritants, just as do tnany other amines and their salts.

If alcci~cnt ii con tact is miade Withi the Skin, wipe off it once. In filie eaise of

Amine 1), aplyl) ~IIeLgai (r a 5 percent soltiliwi (fit :ct, av ILI i . o11 w (10'Withi
fliormigh Lvashiiiig, iisiig miiild soapl mid w'ilt I Ili- ',,III si bll shotild 1)

fIIIII~il~i pr4iili4lly tII Ilust Val'iiri~ '-'ithl l ci lt Idi ll ti h's' Iln(migh sv.-.limrig

ss'ativ lii A least I % iiuiiuiit-s. get liidim t . 1ItlmliI ~ol 11 luiii t-

moi~ve And waSi!h hvilk. c eisc.

Cany avallbe to Mlir dorn 2
prnif fully legiblo 41e -1n



APPENDIX 1

TEST OPERATI~flS AT JBF CO. FACILITIES, 20 SEPTEKBER 1976
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' ILATION uF 011. ULCKS BSY AMINE CARBAMAT&; AS AN ADJUNCT TO U.'-). NAVY OIL _SPILL

;r E(0 ?YY OPE1RATIONS. (Contract No. NOOO1 4-76-C-0349)

Test Upermtions at JBP Cc. Pacilities, ?0 september ]976

1. 5mall quadrant test:

A. 'enuencei

1. Apply 2 gal. "'esel Fuel to surface of pool.

2. Apply small qu.-ntities of Pinton 011 Film to assist In containmen4 o4
of slInk.

. nray 0.1 i-al.. Imakinp for 15' v(i../vo). cnncentr-o ,, N )- solutJon of

Avnneh "' (70% '), 15% e~hyl a)oho', 15% berzyl alcohol) on surface of sli-k.
it. Apply Towdered Iry Ice. Let stand for 5 minutes for -elation.

5. P ecover pelled slick usin, sieve.

6. Apply Piston Oil v'Ilr to ary residual ungeiled oil.

R. Ohjectlves:

1. Demonstrate siDrayin.- technique and subsequent applic-Ition of
rDemonstrate compatibility of' Amine "D" system with Piston Oil .im.

3. Demonstrate sieving technique for harvesting of gelled slick.

IT. Large quadrant tests

A. Sequence:

1. Apply 5 gal. of previously mixed No. 2 Fuel Oil/ Amine "D" soln.:

4.1 gal. No. 2. FuelO i - 15 solution oncentraton, as above.
0.7 gal. Amine U soln.

2. Dust with powdered i-ry Ice.

3. Harvest with DIP

B. Object ves,

1. Demonstrate harvesting technique and compatability with DIP.

C. Comments:

1. Pre-mixing necessary for this test inasmuch as sprayer will not reach

all dinssions of large quadrant of pool.

III. Flame suppression tests
A. Apply 1 mm film (75 ml.) of ungelled gasoline to surface of 10ft x I" (deep) x

11 " (wide) trough filled with water.

B. Ignite downlnd end of trough and time spread of flame down trough.

C. After fire R;burned out, apply 75 ml of 85% gasoline - 15% Amine 1) solution

to trough. Dust with powdered Lry Ice.

D. Set fire to downwind end of trought relled film probaly will rio i,nitfe. or will

burn very slowly down length of trnuth If l.ntLion doei; occur.
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IV. Fluorescence teat, mall quadrant. (Nighttime operation: optional)

A. Sequence,
1. Apply 2 g&l. oil slick to small quadrant of pool.

2. Spray 0.3 gal. of Amirue D solution to periphery of slick; this

solution contains minute quantities of Rhod"aine B dye.

3. Dust periphery of treated slick with Dry Ice powder.

4. After darkness, examine Rlick with UV ("Black") light to

demonstrate nighttime visibility.

B. Objectivest

1. Demonstrate nighttime capability which could be derived from
use of fluorescers.

2. Demonstrate capability of containment of oil slicks by use of

peripheral treatments with amine gelants.
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Correspondence from Scientific Officer, NRL



NAVAL RESEARCH LABORATORY
WASHINGTON. D.C. 20390 IN REPLY REFER TO:

8330-042 :DG :ncp
.x"01 March 1976

Dr. William W. lannister
)epartment of Chemistry
University of Lowell
Lowell, Massachusetts 01854

Dear Dr. Bannister:

With regard to your progress report of 12 February 1976 (Contract
No. NO0014-76-C-03,19), I find that your prograw i.- proceeding in a
logical fashion. Your progress to date indicates that you will

have a workable gelling agent in time for the plan.-d field tests
later in the year. I am particularly interested in your proposed
studies of the effect of gellation on volatility. This will be a
useful adjunct study relevant to the possible iTrnobilization and
hazard reduction in spills of flammable jet fuels and gasolines.
In fact, I would suggest that more emphasis be given to volatility
effects, if these studies indicate significant reductions in
vaporation rate.

In the toxicity studies there may be an influence of the No. 2
fuel oil on the organisms tested. Perhaps fuel oil and the amine
mixtures should be tested separately as well as in combination.

From a practical standpoint, your research should be geared to
relatively thin oil layers. Smnall spills of distillate oils vary
in thicknt s between I and 5 mm, while heavier petroleum fractions
form films on water with thicknesses up to I cm. It might be
interesting to study the effectiveness of gollation as a function

of oil-film thickness.

Y ur proposed reporting schedule is satisfactory, ;ii)d I wish you
continued success in your future endeavors. 'Tentatively I plan a
site visit to your laboratory during the week of April 19. There
is a conference in Boston that week which I hope to attend. I
will be in contact with you later to confirm this visit.

Best reg~irds,
- .• , . - . •

W. 1). GARItETr't, Iev :I
Intc-rfi ce Chemis c. , t iom
Occan Scienco5 Division

cu: NAVI, A(' 0:211 (S. M. Ilurloy)
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NAVAL RESEARCH LABORATORY
*WASHINGTON. D C 20375 IN REPLY REFER TO:

833(0-I71:1AI)G :ir

27 July 1976

i1.li~m 1~ 3vnnister
icoartmeat l -Jhinistry

University of Lowell
Lowell, RA 01854

Dcar D~r. bat ni!'t r:

Your progress report No. 4 of 8 July 1976 on the project
G( ltion ot Oil Slicks by Amine Carbamates as an Acijun(-t to

tK.-. NaVy Oil Spiti Recovery Operations" has been rve d.Thv
Aork is on target and in accordance with the contract assignments.
I especcially appreciatc your willingness to follow the guidelines
t-ut lined in my letter of I March, which suggested minor modifica-
tions in the research direction.

The addition;i) research performed by your group on the reduc-
lion of flammability hazards in volatile fuels through gelation may
pro~.e to be of future value to the transport and handling of petroleum
products. Although flammability reduction is not a part of thle Contract
wAork statemenit, I hope that you have the opportunity toi letermine flame
prcopagation rates of gelled vs. ungelled fuels. Such studies could be
performed in open trench tests of the kind we discussed during your 22
July visit to NRL.

In recent telecons with you anid Mr. Bianchi of J1IW Scientific
Corporation, it was determined that field evaluations of the devel-
oped gelation system will be performed in September (tentative date,
week of 20 Sept.) in the JBF test tank. It is anticipated that thesv
studies will be designed to achieve the following goals:

(1) Determination of the feasibility of in situ oil spill gelation
using the developed amine carbamate approach under field
conditions.

(2) Evaluation of the effectiveness of devices for applying gela-
tion agents.

(3) Studies of the ability of oil-spill removal systems to harvest
the gelled petroleum oil.

(4) Determination of the possibility of premixing the amine and
C0 2 prior to their contact with the flo)ating oil. and the
properties o1 the gel produced by suchi ; procedure.
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8330-171 : WG :inc
27 July 1976

Page 2

() Oi l-cllecting agents (Piston Film) will be used to confine
Fome of the test spills to determine the advantage (f pro-
venting spreading of the spill prior to pclation.

With regard to the latter study, I have supplied two 1-pint cans
of Cie Nevy piston film (Federal Stock No. 6810-172-9110) to J3F for
use in the 3cpitnmier test-tank evaluations. Thank you for yVur invita-
t,;n to obn.rvc and participate in the field studies. I will end(.avor
to contribute to their success.

Very truly yours,

William D. Garrett, HA~d
Interface Chemistry Section
Ocean Sciences Divisimn

cc: S. M. Hurley, NFAC 032 B
R. A. Bianchi, JBF Scientific Corp.
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